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Description 

[0001] This invention relates to electro-optic devices 
and in particular to optically addressed electro-optic de- 
vices. 5 
[0002] EP-A-48B455 describes an electro-optic de- 
vice which comprises a substrate carrying an address- 
able matrix device such as a liquid crystal display device 
or an Image sensor. The rows and columns of the matrix 
array of display pixels or imaging elements are ac- 
cessed by supplying signals along row and column con- 
ductors using an electro-optic switching arrangement 
which comprises photosensitive elements provided on 
the substrate carrying the matrix array. In the arrange- 
ment described in EP-A-488455, the photosensitive el- 
ements are driven by a linear array of light emitting de- 
vices such as light emitting diodes or the like. Each row 
(or column) conductor is associated with a unique pat- 
tern of photosensitive elements with each photosensi- 
tive element being located at the intersection of the row 
(or column) with a column (or row) conductor so that by 
activating a given set of the linear light emitting devices 
a given set of column (or row) conductors and the as- 
sociated photosensitive elements are illuminated caus- 
ing the photosensitive elements to conduct. Each 
unique, pattern of illumination of the linear light emitting 
devices corresponds to a unique arrangement of pho- 
tosensitive elements and accordingly when a selected 
given set of light emitting devices is activated all of the 
photosensitive elements associated with a unique row 
(or column) conductor will conduct so coupling that row 
(or column) conductor to the associated drive circuitry. 
Such an an^angement enables a reduction in the number 
of components and allows there to be comparatively few 
external connections to the electro-optic device. 
[0003] According to the present invention, there is 
provided an electro-optic device comprising a first sub- 
strate carrying an electro-optic display having a first ar- 
ray of display elements and conductors for addressing 
individual display elements to enable the display to dis- 
play an image, a second substrate carrying a second 
array of elements addressable by conductors and pho- 
tosensitive elements associated with the conductors for 
supplying, when illuminated, signals along the conduc- 
tors for accessing the elements of the second array, the 
second substrate being provided opposite the first sub- 
strate so that the photosensitive elements are associat- 
ed with selected ones of the display elements for ena- 
bling the selected display elements to illuminate the 
photosensitive elements allowing access of the ele- 
ments of the second an-ay to be controlled by the dis- 
play. 

[0004] Thus, in an electro-optic device in accordance 
with the invention an electro-optic display for displaying 
images to a user of the device is used to enable ele- 
ments carried by a second substrate to be optically ad- 
dressed so that It Is not necessary to provide separate 
drive circuitry for the element array carried by the sec- 



ond substrate so allowing for a reduction in the drive 
circuitry required and thus simplifying and reducing the 
costs of the manufacture of the electro-optic device, es- 
pecially of the second array. 

[0005] As used herein the term electro-optic display 
means any device capable of producing a spatial pattern 
of light which is controlled electrically, for example a liq- 
uid crystal display (LCD) or other similar display or a 
cathode ray tube (CRT) especially a flat CRT. 
[0006] The electro-optic display may comprise a two- 
dimensional matrix array of display elements arranged 
in row and columns with associated row and column 
conductors and the second array may be a two-dimen- 
sional array of elements arranged in rows and columns 
with row and column conductors being associated with 
the elements of the second array so that supplying sig- 
nals to a selected row conductor and a selected column 
conductor of the second array accesses an element of 
the second array and the row and column conductors of 
the second array being associated with photosensitive 
elements for supplying, when illuminated by selected 
ones of the display elements, signals along the row and 
column conductors for accessing the elements of the 
second array. However, the present invention could be 
applied to a situation in which at least one of and pos- 
sibly both the display and the second array is a one di- 
mensional array. 

[0007] Generally, the photosensitive elements are ar- 
ranged at the periphery of the second array so facilitat- 
ing their protection against undesired illumination from 
sources other than the display and reducing any distur- 
bances of the normal functioning of the second array 
which might otherwise arise. 

[0008] Each conductor of the second array may be as- 
sociated with a respective photosensitive element. 
[0009] In an alternative arrangement, each conductor 
of the second array may be associated with a number 
of photosensitive elements arranged such that signals 
are only supplied along the conductor when all of the 
associated photosensitive elements are illuminated. For 
example an appropriately modified version of the ar- 
rangement described is EP-A-4a8455 could be used. 
[0010] The photosensitive elements associated with 
adjacent conductors may be staggered so that the spac- 
ing between the photosensitive elements associated 
with adjacent conductors Is greater than the spacing be- 
tween adjacent conductors. This should reduce any 
possibility of optical cross-talk between adjacent photo- 
sensitive elements, that is it should reduce the possibil- 
ity of accidental illumination of photosensitive elements 
adjacent the photosensitive element Intended to be illu- 
minated. 

[0011] In one example each element of the second 
array is arranged to store charge and each row conduc- 
tor of the second array is coupled to a select voltage 
supply line via at least one respective photosensitive el- 
ement so that In operation of the electro-optic device In 
order to read charge stored at the element within a row 
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the at least one photosensitive element associated with 
the row Is Illuminated by the display to couple the select 
voltage to the row conductor. Each row conductor of the 
second array may be coupled to a reset voltage supply 
line via at least one respective switching element for en- 
abling a reset voltage pulse to be applied to the row con- 
ductor to reset the associated elements. 
[0012] Each column conductor of the second array 
may be connected by at least one first photosensitive 
element to one electrode of a respective column capac- 
itor having its other electrode coupled to a charge sen- 
sitive amplifier and to at least one second photosensitive 
element which is coupled to a voltage reference tine so 
that, in order to read charge from an element within a 
given column of the second array, first the associated at 
least one first photosensitive element is illuminated by 
the display for allowing the charge stored at an element 
in both the column and a row to which the select voltage 
is applied to be transferred via the column conductor 
and the at least one first photosensitive element to the 
capacitor and then the at least one second photosensi- 
tive element is illuminated to allow the charge stored at 
the column capacitor to be transfen-ed to the charge 
sensitive amplifier. 

[0013] In another example, each column conductor 
may be coupled to one electrode of each of first and sec- 
ond column capacitors by respective first photosensitive 
elements with each capacitor having its other electrode 
coupled to a respective charge sensitive amplifier and 
to a respective second photosensitive element coupled 
to a voltage reference line so that, in order to read 
charge from an element within a given column of the 
second array, first one of the associated first photosen- 
sitive elements is illuminated by the display for allowing 
the charge stored at an element in both the column and 
a row to which the select voltage is applied to be trans- 
ferred via the column conductor and the said one first 
photosensitive element to the associated one of the first 
and second capacitors and then the one of the second 
photosensitive elements is illuminated to allow the 
charge stored at the column capacitor to be transferred 
to the charge sensitive amplifier 
[0014] The spacing between the photosensitive ele- 
ments associated with adjacent conductors may be 
greater than the spacing between the adjacent conduc- 
tors so as to reduce the possibility of cross-talk. The first 
and second arrays may be of comparable size and the 
display elements for illuminating the photosensitive el- 
ements may be provided at the periphery of the first ar- 
ray so avoiding or at least reducing any disturbance in 
the normal function of the first array. The display may 
comprise a liquid crystal display 
[0015] The second array may comprise an an'ay of 
further photosensitive elements so that the second array 
forms an image sensor provided on top of the display 
enabling, for example, the optical input of data into the 
display As possible alternatives, the second an-ay could 
comprise a further display which can be used to modu- 



4 

late the display output of the display carried by the first 
substrate. Additionally the second array could be any 
suitable fomri of electro-optically programmable memo- 
ry, for example, a thin film memory. The second sub- 

5 strate can7ing the second anray may be mounted to the 
first substrate carrying the first array The second sub- 
strate carrying the second array may be separable from 
the first substrate carrying the first array. 
[0016] Embodiments of the invention will now be de- 

10 scribed, by way of example, with reference to the ac- 
companying drawings, in which: 

Figure 1 shows a simplified schematic perspective 
view of an electro-optic device in accordance with 
'5 the invention; 

Figure 2 shows one example of a circuit layout for 
the display of an electro-optic device in accordance 
with the invention; 

Figure 3 shows one example of a circuit layout for 
the second array of an electro-optic device in ac- 
cordance with the invention; 
Figure 4 is a schematic fragmentary plan layout 
showing an example of one possible layout for the 
second array of an electro-optic device in accord- 
ance with the invention; 

Figure 5 is a cross-sectional view taken along the 
line V-V in Figure 4; 

Figure 6 is a cross-sectional view taken along the 
line Vl-VI in Figure 4; 

Figure 7 is a cross-sectional view taken along the 
line VII-VII in Figure 4; 

Figure 8 is a cross-sectional view taken along the 
lineVIII-Vlllin Figure 4; 

Figure 9 is a cross-sectional view similar to Figure 
8 of a modified version of the second array shown 
in Figure 4; 

Figure 10 shows graphically the changes in voltag- 
es applied to a row conductor with time t for explain- 
Ing operation of a device in accordance with the in- 
vention; 

Figure 11 shows a modified version of the circuit lay- 
out shown in Figure 3; 

Figure 12 is a schematic plan view of part of the 
circuit layout of the second an'ay of an electro-optic 
device in accordance with the invention for illustrat- 
ing one example of an arrangement for the photo- 
sensitive elements; and 

Figure 13 is a schematic plan view of part of the 
circuit layout of the second an-ay of an electro-optic 
device in accordance with the invention for illustrat- 
ing another example of an an'angement for the pho- 
tosensitive elements. 

[0017] It should of course be understood that the 
drawings are merely schematic and are not to scale. 
Like parts are referred to throughout the drawings by 
like reference numerals. 

[001 8] Referring now to the drawings an electro-optic 
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device 1 is shown which comprises, as illustrated very 
schematically in Figure 1 , a first substrate 2 carrying an 
electro-optic display 3 having a first array 4 of display 
elements 5 and conductors 12,13 for addressing indi- 
vidual display elements 5 to enable the display to display 
an image, a second substrate 6 carrying a second array 
7 of element 8 addressable by conductors 9,10 and pho- 
tosensitive elements 11 associated with the conductors 
9,10 for supplying, when illuminated, signals along the 
conductors 9,10 for accessing the elements 8 of the sec- 
ond array 7, the second substrate 6 being provided op- 
posite (as shown over or on top of) the first substrate 2 
so that the photosensitive elements 11 are associated 
with selected ones 5' of the display elements 5 for ena- 
bling the selected display elements 5a to Illuminate the 
photosensitive elements 11 allowing access of the ele- 
ments B of the second array 7 to be controlled by the 
display 3. 

[0019] The fact that the second array 7 can thus be 
accessed or driven by the display 3 means that it Is not 
necessary to provide separate drive circuitry for the sec- 
ond array. 

[0020] In the examples Illustrated in the drawings and 
as shown most clearly in Figures 2 and 3, respectively, 
the electro-optic display 3 comprises a two-dimensional 
matrix array 4 of display elements 5 arranged in rows 
and columns m^j. The second array 7 is similarly a 
two-dimensional an'ay of elements 8 arranged in rows 
and columns n^ and m^. In the interests of clarity the 
elements 5 and 8 are illustrated merely as blocks in Fig- 
ure 1 . 

[0021 ] The electro-optic display 3 may be of any suit- 
able conventional type but Is in this example a liquid 
crystal display fornied on a suitable transparent sub- 
strate, for example a glass or plastics substrate 2. The 
display elements 5 are connected in rows n^, and col- 
umns m^ by row and column conductors 12 and 13 to 
which signals are supplied for accessing or driving indi- 
vidual display elements or pixels 5 by appropriate row 
and column decoder/driver circuitry 14 and 15. 
[0022] Figure 2 illustrates a schematic circuit layout 
for one example of a liquid crystal display 3 suitable for 
use in an electro-optic device in accordance with the in- 
vention. 

[0023] In the example illustrated in Figure 2 each dis- 
play element 5 is associated with a respective switching 
device 1 6. The switching devices 1 6 may be of any suit- 
able form (for example non-linear resistive elements 
such as metal-insulator-metal or p-i-n thin film diodes) 
but are in the example shown provided as thin film tran- 
sistors (TFTs). 

[0024] Each TFT 1 6 has its gate electrode coupled to 
the associated row conductor 12. One of the main 
(source and drain) electrodes of each TFT 1 6 is coupled 
to the associated column conductor 13 and the other to 
one electrode 5a of the associated display element 5. 
Although not shown in Figures 1 or 2, twisted nematic 
liquid crystal material is sandwiched in l<nown manner 



between the substrate 2 and a transparent, generally 
ITO, common electrode 5b of the display element 5 car- 
ried by a further transparent substrate. For the sake of 
simplicity and in accordance with normal practice the 

s display elements 5 are shown in Figure 2 as capacitors. 
The first substrate 2 and the further transparent sub- 
strate (not shown) are generally provided in known man- 
ner extemally with polariser layers and Internally with 
alignment layers. 

10 [0025] In operation of the display 3, light entering the 
first substrate 2, generally light from a simple uniform 
light source L, is modulated according to the light trans- 
mission characteristics of the display or picture ele- 
ments 5 with, of course, the light transmission charac- 

'5 teristlcs of each picture element 5 being controlled by 
the voltage signals applied to the associated row and 
column conductors 12 and 13 by the row and column 
decoder and drive circuitry 14 and 15. The circuitry 14 
and 15 may be of any suitable conventional fonn, for 

20 example as described in EP-A-48B455 (to which refer- 
ence may be made for further details) and will not be 
discussed in detail here. Generally, the display 3 will be 
driven on a row at a time basis by scanning the row con- 
ductors 1 2 sequentially with a gating signal so as to turn 

25 on each row of TFTs 1 6 in turn and applying data (video) 
signals corresponding, for example, to a TV line or sim- 
ilar to the column conductors 13 for each row of picture 
elements 5 in turn as appropriate and in synchronism 
with the gating signal so as to build up a complete dis- 

30 play picture or image. 

[0026] As illustrated in Figure 1, the second array 7 
carried by the second substrate 6 is provided opposite, 
as shown over, the display 3 so that the photosensitive 
elements 11 on the second substrate 6 can receive light 

35 from selected ones of the display elements 5. In this ex- 
ample, the photosensitive elements 11 are provided 
around the periphery 7a (shown in dashed lines) of the 
second array 7 and are associated with corresponding 
peripheral picture elements 5' of the display 3 with, in 

40 this example, each photosensitive element 1 1 being as- 
sociated with one particular peripheral display element 
5'. Of course, other arrangements for the location of the 
photosensitive elements 11 and the corresponding pic- 
ture elements 5' may be possible. Providing the photo- 
n's sensitive elements 11 and corresponding picture ele- 
ments 5' around the peripheries of their respective ar- 
rays 4 and 7 has however advantages in that there 
should be no interference with the normal operation of 
the display 3 and the second array 7. In addition such 

50 an arrangement should make it relatively simple to 
shield the photosensitive elements 11 from extraneous 
light. 

[0027] In the example illustrated in Figure 1 , the sec- 
ond array 7 Is shown simply as a two dimensional matrix 
55 array 7 of rows n^ and columns m^ of rectangular blocks 
representing the elements 8 with each row n^ of ele- 
ments 8 being associated with a respective row conduc- 
tor 9 and each column m^ being associated with a re- 
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spective column conductor 10 so that, as in the case of 
the display 3, each element 8 is accessible by a unique 
pair of row and column conductors 9 and 10. 
[0028] The elements 8 may be any type of element 
which can be electro-optically controlled. For example, 
the elements 8 could be memory elements such as thin 
film transistors which store charge representing logical 
'1 's and 'O's according to the voltages applied to the row 
and column conductors 9 and 1 0 so that the second ar- 
ray 7 fomis a E2pROM (electrically erasable program- 
mable ROM) type memory of atype, for example, similar 
to that described in our pending UK Patent Application 
No. 921 7743.5 filed on 19th August, 1992. Any suitable 
form of data could be stored in such a memory array 
and the second substrate 6, with a suitable battery pow- 
er source if necessary, may be readily transported to 
other locations and could for example form a so-called 
smart card which may carry security data to enable ac- 
cess to buildings etc. and/or data such as image or audio 
data which can be displayed or output as video or audio 
signals by suitable equipment upon insertion of the card. 
[0029] In another example, the elements 8 could be 
elements whose optical properties may be altered either 
solely electrically by voltage signals input to the row and 
column conductors 9 and 1 0 or by a combination of the 
voltage signals input to the row and column conductors 
9 and 10 and light incident on the elements 8. Such an 
array 7 could be optically readable and could again carry 
security, video and/or audio data. 
[0030] Where it is desirable for the second array 7 to 
be transported in a 'programmed' state as discussed 
above, then some means, for example mechanical shut- 
ters of the type commonly used on computer discs and 
the like, should be provided on the second an-ay 7 in a 
manner such that the photosensitive elements 11 are 
only exposed to light when the second array 7 is in po- 
sition over the first array or display 3. 
[0031] In another example the second array 7 may 
comprise an image sensor consisting of a two-dimen- 
sional an-ay of photosensitive elements again accessed 
by the row and column conductors 9 and 10. Any suita- 
ble form of photosensitive elements may be used, for 
example photosensitive thin film transistors, or photo- 
sensitive non-linear resistive elements such as Schottky 
diodes, thin film diodes, or photosensitive p-i-n diodes. 
[0032] Figure 3 illustrates one possible circuit layout 
for the second array 7 where the elements 8 comprise 
photosensitive p-i-n diodes. 

[0033] In the example illustrated in Figure 3, each el- 
ement 8 is coupled between a unique pair of row and 
column conductors 9 and 1 0 and comprises a photosen- 
sitive p-i-n diode 6a in series with a switching diode 8b 
so that the anodes of the two diodes 8a and 8b are cou- 
pled together. The switching diodes 8b will generally be 
of similar construction, although possibly of smaller ar- 
ea, to the photosensitive diodes 8a but will of course be 
shielded from any Incident light. Of course, other ar- 
rangements are possible. Thus, for example the switch- 



ing elements may be three tenmlnal devices such as thin 
film transistors (TFTs) as described in, for example, US- 
A-4382187 or each photosensitive diode 8a may form 
both the photosensitive element and the switching ete- 
5 ment and may simply be provided in series with a charge 
storage capacitor as shown in, for example, EP-A- 
233104 and US-A-4945242. 

[0034] In the example illustrated in Figure 3, each row 
conductor 9 is coupled via a respective photosensitive 
10 diode 1 1 a to a voltage supply line 1 7 connected to a pos- 
itive potential Vgei and via a respective switching diode 
18 to a voltage supply line 19 connected to a potential 
Vrst. This fonns the row drive circuitry 90. Each column 
conductor 1 0 is coupled via a respective photosensitive 
15 diode 11b, a capacitor C and a connection line 20 to a 
charge sensitive amplifier 21 of any known suitable form 
and via the photosensitive diode lib and a respective 
further photosensitive diode 1 1 c to a reference potential 
^cref supply line 22 to provide the column read-out cir- 
cuitry 100. The photosensitive diodes 11 are of course 
oriented so as to be in a blocking condition until illumi- 
nated as will be explained below. 
[0035] Such an Image sensor an^ay 7 may be pemria- 
nently or movably mounted to the display 3 and may be 
used, for example, to enable data to be input to the dis- 
play using a light pen or the like so enabling a user to 
enter infomiation or alter the image shown on the dis- 
play 3 by "writing' on the surface of the electro-optic de- 
vice 1 . Although where the elements 8 of the second 
array 7 comprise photosensitive diodes it would be very 
difficult to make the second array 7 transportable sepa- 
rately of the first array while retaining the image stored 
at the second an-ay and shielding the second an-ay 7 
from ambient light, forming the device so that the image 
sensor array 7 is removably mounted to the display 3 
enables the image sensor array 7 to be removed when 
not in use to allow for better viewing of the display 3 and 
also allows the same Image sensor array 7 to be used 
with several different displays 3. 
[0036] The voltages y^^, V^t and V„g, may be sup- 
plied by an appropriate voltage source which could be 
an appropriate battery together with suitable voltage ref- 
erence providing means located on or attached to the 
second substrate 6. Where, the second substrate 6 Is 
pemianently fixed to the display 3, then the voltage sup- 
ply necessary for the second array 7 could be provided 
from the power supply used for the display 3. 
[0037] Depending upon the particular application of 
the electro-optic display 1 , it may be desirable for the 
second array 7 to be as transparent as possible so that 
viewing of the display 3 is not unduly obscured by the 
second array 7. This is especially the case where the 
second array 7 comprises an Image sensor array which 
may be used to 'write' upon the display 3. The amount 
of area of the image an^ay 7 which Is transparent may 
be optimised by using transparent materials where pos- 
sible, for example by using indium tin oxide to fonn the 
plates of any capacitors, and by careful positioning of 
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those components such as the photosensitive and 
switching diodes 8a and 8b in the example given above 
which by virtue of their operation or construction cannot 
be transparent. Generally, to provide the required de- 
gree of electrical conductivity, it is necessary to f omi the s 
row and column conductors 9 and 1 0 of opaque conduc- 
tive material for example chromium or chromium fol- 
lowed by aluminium. In such a case, at least the photo- 
sensitive diodes 8a and 8b may be fomied on top of the 
row conductors 9. 

[0038] The photosensitive elements 11 may have a 
construction similar to that of the photosensitive diodes 
8a. The photosensitive elements 11 need of course to 
be shielded from light directly incident on the second ar- 
ray 7. Where the photosensitive elements 1 1 are provid- 
ed around the periphery of the array 7 then this may be 
achieved quite simply by a suitable opaque frame sur- 
rounding the array 7. Such a frame may simply be pro- 
vided by the final housing of the electro-optic device 1 
without the need for any additional components. 
[0039] The photosensitive elements 11 may receive 
light directly from the selected ones 5' of the display 3 
in which case the lower electrode of the photosensitive 
elements 1 1 should of course be formed of a transparent 
material such as indium tin oxide or at least provided 
with an aperture for the passage of light. As a possible 
alternative, the photosensitive elements 1 1 may receive 
light indirectly from the selected display elements 5' by 
providing a reflective layer over the photosensitive ele- 
ments 11 to reflect light passing through the substrate 
2 from the selected display elements 5' back down onto 
the photosensitive elements 11. Such a reflector could 
of course also serve to shield the photosensitive ele- 
ments 1 1 from light which is directly Incident on the sec- 
ond array 7. 

[0040] The photosensitive and switching diodes 8a 
and 8b could of course simply be formed one on top of 
another on the row conductors 9 with of course the pho- 
tosensitive diodes Ba at the top in a manner similar to 
that described in US Patent No. 5003167. 
[0041 ] Figures 4 to 8 illustrate by way of a schematic 
plan view and cross-sectional views one possible exam- 
ple of a layout for the image sensor array 7 shown in 
Figure 3. 

[0042] As illustrated, the second array is formed using 
thin film technology on the substrate 6. The substrate 6 
is In this case transparent and is formed of any suitable 
glass or plastics material. Indeed where the image sen- 
sor an-ay 7 is pennanently provided on the display 3 then 
the substrate 6 could also provide the top glass plate of 
a conventional LCD display. 

[0043] A first electrically conductive layer, generally a 
chromium layer, is deposited onto the substrate 6 and 
patterned to define the row conductors 9, the cathode 
electrodes 23 of the switching diodes 8b, the voltage 
supply line 1 7 (which also fornis the cathode electrodes 
of the photosensitive elements 11a) and the cathode 
electrodes 24 of the switching diodes 1 8. The first metal 



layer also provides the cathode electrodes 25 and 26 of 
the photosensitive elements 11b and 11a and the line 
20 which also forms the lower plates of the capacitors C. 
[0044] The various diodes 8a,8b,11a,11b,11c and 18 
are then fonmed by depositing and patterning appropri- 
ately doped semiconductor layers. In this example, the 
diodes are all amorphous silicon n-i-p diodes fonned by 
In sequence n conductivity, Intrinsic and p conductivity 
type amorphous silicon layers. 
[0045] An Insulating layer, generally silicon nitride or 
some other suitable, in this case, transparent insulator, 
is then deposited and defined to leave regions 27 form- 
ing the dielectric regions of the capacitors C and neces- 
sary insulation regions 28 defining contact windows to 
enable a second subsequent metal layer, again gener- 
ally a chromium (possibly covered by an aluminium) lay- 
er to be deposited and patterned to define the column 
conductors 10 contacting, as shown in Figures 5 and 8, 
the electrodes 23 and 26, first connection electrodes 29 
each connecting the anodes of the associated photo- 
sensitive and switching diodes 8a and 8b with, of 
course, the first connection electrodes 29 arranged as 
shown In Figure 5 to shield the switching diodes 8b from 
any light Incident on the second array 7 but to allow light 
to pass to the photosensitive diodes 8a. 
[0046] As Is known In the art, the photosensitive di- 
odes 8a (and for ease of manufacture the switching di- 
odes 8b) may have a transparent top layer of indium tin 
oxide which protects the diode structure during pattern- 
ing of the Insulator and second metal layers. 
[0047] The second metal layer defines second con- 
nection electrodes 30 providing electrical connection 
between the row conductors 9 and the associated an- 
odes of the photosensitive diodes 1 1 a and third connec- 
tion electrodes 31 each connecting the associated row 
conductor 9 to the associated switching diode 18. The 
third connection electrodes 31 also act to shield the 
switching diodes 1 8from Incident light. The second met- 
al layer also provides the voltage supply line 1 9 and its 
connections to the cathode electrodes 24 of the switch- 
ing diodes 18 and the connection line 22. Fourth con- 
nection electrodes 32 each fomning the other plate of 
the associated capacitor and connecting together the 
anodes of the associated photosensitive diodes 1 1 b and 
11c may also be fomied of the second metal layer but 
could if desired, and at the expense of an increased re- 
sistance, beformed of a transparent conductive material 
such as indium tin oxide. 

[0048] As can be seen rom Figures 4, 6 and 8, the 
layout of the electro-optic device 1 is organised so that 
there are transparent areas arranged mainly by the In- 
sulating regions 27,28 and any transparent electrodes 
which enable light from the selected ones 5' of the dis- 
play elements to pass through the second array 7 and 
be reflected by a reflective layer. This reflective layer 
may form part of the housing (not shown) of the second 
array 7 or the combined electro-optic device 1 or could 
be, as shown, a reflective layer provided as discrete re- 
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glons 33 on top of a transparent, for example polyimide, 
passivatlng layer 34 provided over the peripheral region 
7a of the second array 7. The free surface of the passi- 
vatlng layer 34 may be covered in the region of the pe- 
riphery 7a of the second array 7 between the reflective 
regions 33 by a light absorbing layer 35 so as to avoid 
undeslred reflections onto the photosensitive elements 
11a,11b,11c. As shown In Figures 5,6 and 8, the passi- 
vatlng layer 34 (or a subsequent layer) may be shaped 
to define a microtens array In a manner described in, for 
example, EP-A-1 54962 with the lens elements In the pe- 
ripheral region only being covered by deposited reflec- 
tive material so that the microlens elements 36 over the 
main part of the second array 7 each serve to concen- 
trate incident light onto the photosensitive elements 8a 
while the reflectively coated microlens elements 37 
serve to reflect and concentrate light from the display 
transmitted through the substrate 6 onto the photosen- 
sitive elements 11 a, lib, 11c, 

[0049] As one possible alternative to the use of the 
reflective regions 33, the electrodes 1 7, 25 and 26 could 
as mentioned above be formed either with apertures or 
of a transparent material such as indium tin oxide so en- 
abling light from the selected ones 5' of the display ele- 
ments 6 to be directly incident on the photosensitive el- 
ements 11 a, lib, 11c. As will be appreciated by those 
skilled in the art where the photosensitive elements 1 1 a, 
llb.llc are illuminated from beneath, it may be desira- 
ble to alter the order of growth of the semiconductor lay- 
er so that p-i-n rather than n-i-p diodes are fomned. This 
would of course also require some alteration of the first 
and second metal layer patterns to define the appropri- 
ate Interconnections, 

[0050] Figure 9 illustrates, by way of a cross-sectional 
view similar to Figure 8, a modified form of the second 
array in which, as mentioned above, the photosensitive 
elements 11a,11b,11c are provided with lower elec- 
trodes 25,26 fomied with apertures A so that the photo- 
sensitive elements 11a, 11b, 11c are sensitive to light 
incident on the substrate 6 and passing through the ap- 
ertures A. As shown in Figure 6, the substrate 6 (or a 
layer provided on the substrate 6) may be fomied with 
a microlens array so that a respective lens element 37 
is arranged to concentrate light onto an associated pho- 
tosensitive element lla.llb or 11c via the respective 
aperture A. In this case the passivatlng layer 34 is cov- 
ered by a light absorbing layer 35 in the region of the 
peripheral photosensitive elements 11a, 11b, 11c. 
[0051] There may also be circumstances, if it is de- 
sired to manipulate or combine images, where it is de- 
sirable for the photosensitive elements 8a of the second 
array to react to light Incident on them from the display 
5 Instead of or In addition to reacting to light incident on 
them from above in which case the appropriate regions 
of the row conductors 9 may be fomied with apertures 
or of a transparent material or a reflective system such 
as described above for the peripheral photosensitive di- 
odes lla.llb and 11c could be used. 



[0052] It will of course be appreciated that, although 
Figure 3 shows the photosensitive and switching diodes 
8a and 8b as having their anodes coupled the diodes 
could be reversed so as to have their cathodes connect- 

5 ed. in addition, the switching diode Bb rather then the 
photosensitive diode 8a could be connected directly to 
the associated row conductor 9. It will of course be un- 
derstood by those skilled In the art that either of these 
modifications may of course require appropriate chang- 

10 es in the polarities of the voltages applied to the second 
array 7. 

[0053] The operation of an electro-optic device 11 
having as the second array 7 an Image sensor with the 
circuit layout shown in Figure 3 will now be described 
'5 with the help of Figure 1 0. 

[0054] As in a conventional image sensor, the second 
array 7 Is read out by selecting each row in turn. 
[0055] In the example illustrated in Figure 3, each row 
conductor 9 is, as described above, connected to a pho- 
tosensitive diode 11a and a switching diode 18 with the 
photosensitive diodes 11a being connected to the volt- 
age supply line 17 and the switching diodes 18 being 
connected to the voltage supply line 19. 
[0056] Immediately before a given row is read out the 
selected picture elements 5' are controlled by the dis- 
play row and column drive circuitry 14 and 15 so as not 
to illuminate the photosensitive diodes 1 1 a. The voltage 
Vjsi on the voltage supply line 1 9 Is then pulsed negative 
as indicated by the line a in Figure 10 so turning on ail 
the switching diodes 1 8 so that the voltage of each row 
conductor 5 falls as indicated by the solid line in Figure 
1 0 to Vunsei- When the voltage V^t on the line 19 again 
goes high after the pulse the row conductors 5 are held 
(as indicated by the dashed line b in Figure 10) at the 
^unsei voltage by virtue of the row capacitance shown 
schematically in Figure 3 by the capacitors shown In 
dashed lines. The row capacitance could be simply that 
of the diodes and cross-overs on the row or may be an 
additional component provided at the periphery 7a of the 
second an-ay 7. 

[0057] The required row ne is then selected by using 
the row and column drive circuitry 14 and 15 of the dis- 
play 5 to cause the appropriate ones of the peripheral 
display elements 5' to transmit light to illuminate the pe- 
ripheral photosensitive diode 1 1 a associated with the re- 
quired row. The photo current generated within the illu- 
minated peripheral photosensitive diode 11a charges 
the row capacitance and raises the row voltage (as 
indicated by line in Figure 1 0) close to Vge^ which selects 
the row. The voltage Vgei turns on the switching diodes 
8b in each of the elements 8a in the selected row and a 
current flows through the element or pixel 8, charging 
the intrinsic capacitance of the photosensitive diode 8b 
to a known value. The amount of charge required is 
equal to the amount of charge generated by light Inci- 
dent on the photosensitive diode 8a. 
[0058] This charge is detected by the column read- 
out circuitry 100 in the following manner. 
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[0059] Thus, when the required row is selected as dis- 
cussed above, the appropriate ones of the peripheral 
display elements 5' of the display 5 are controlled so as 
to transient light to illuminate the photosensitive diodes 
lib as well as the photosensitive diode 11a of the se- 
lected row. The photosensitive diodes 11c are not Illu- 
minated at this time. The current flowing through each 
element 8 of the selected row flows down the associated 
column conductor 1 0 to the column capacitor C until the 
element or pixel 8 has been recharged to Its starting 
point as indicated by the point x in Figure 10. The row 
is then de-selected by the application of the next voltage 
reset pulse V^j via the switching diodes 1 8 and the ap- 
propriate ones of the peripheral display elements 5' are 
controlled so that the photosensitive diodes 1 1 a and di- 
odes 11b are no longer illuminated. 
[0060] At this stage, the column capacitors C will have 
been charged by the associated photosensitive diodes 
lib. 

[0061] The appropriate ones of the peripheral display 
elements 5' of the display are then controlled so as to 
illuminate the photosensitive elements 11c one by one 
in sequence. When the photosensitive diode 11c asso- 
ciated with a particular column conductorC Is connected 
to a reference potential V^ef and a current then flows 
from the charge-sensitive amplifier 21 to discharge the 
column capacitor C. This places the packet of charge 
from the element or pixel photosensitive diode 8a onto 
the feedback capacitor (not shown) of the charge-sen- 
sitive amplifier 21 . The amplifier output voltage can then 
be sampled and subsequently processed using conven- 
tional means. 

[0062] Each row of the second an-ay 7 is sequentially 
addressed in the same manner. When a row is not being 
read out the switching diodes 8b are not rendered con- 
ducting and so photogenerated charge is stored on the 
intrinsic capacitance of the photosensitive diodes 8a of 
the row. The period when this Is happening is known as 
the Integration period because effectively the charge 
stored at a photosensitive element 8a during this period 
represents an integral over the time the row is unselect- 
ed of light incident on the photosensitive element 8a. 
[0063] In a video type of sensor, the process of read- 
ing the rows will be carried out continously, that Is the 
first row is read again after the last row and so on so 
that for N rows and a read-out time per row of t^ the 
integration period Is tg = N.tp. 
[0064] Where the image sensor is being used, for ex- 
ample, to scan a document then generally only a single 
read of the second array 2 will be required so that in that 
case the integration time would be the time since the 
light source illuminating the document was turned on. 
Where the image sensor array 7 is sufficiently transpar- 
ent then the main display elements 5 of the display 3 
may be used to illuminate a document placed over the 
image sensor an^ay 7 so enabling the document to be 
in intimate contact with the second array 7. 
[0065] Figure 11 illustrates a modified version of the 



circuit layout shown in Figure 3. As will be evident from 
a comparison of Figures 3 and 11 , the two differ In the 
construction of the row read-out circuitry 90' and the col- 
umn read-out circuitry 100'. 
5 [0066] As shown in Figure 11, the switching diodes 
18' are reversed in comparison to the switching diodes 
18 shown in Figure 3 (that is the diodes 18' have their 
anodes connected to the supply line 1 9). The diodes 18* 
are also photosensitive, that Is they have a similar struc- 
10 ture to the diodes 11a. In this arrangement, the reset 
pulse V^t can be applied to the row conductors 9 by il- 
luminating the photosensitive diodes 18' appropriately. 
This arrangement has the advantage that the supply 
lines 17 and 18 need only supply constant (that is not 
IS pulsed) voltages and so these voltages may be provided 
by a suitable battery which can be mounted to the sub- 
strate 6. 

[0067] As a further alternative, it may be possible to 
replace each pair of switching and photosensitive diode 
18 and 11a by a single photosensitive diode (because 
the forward current of a diode is much higher than the 
photocun^ent) and to enable resetting by applying a dif- 
ferent voltage to the single voltage supply line. 
[0068] In a second array 7' having the modified circuit 
layout shown in Figure 1 1 , each column conductor 1 0 is 
associated with two photosensitive diodes 1 1 b and 1 1 'b, 
two photosensitive diodes 1 1 c and 1 1 'c and two column 
capacitors C and C All of the photosensitive diodes 11c 
and 11'c have their anodes coupled to the voltage ref- 
erence line 22, The capacitors C are coupled via the 
connection line 20 to a charge sensitive amplifier 21 and 
the capacitors CI coupled via a connection line 20' to a 
charge sensitive amplifier 21 '. 
[0069] In operation of an image sensor array 7 having 
the circuit layout shown in Figure 1 1 , while the appropri- 
ate ones of the peripheral display elements 5' are Illu- 
minating the photosensitive elements 11a associated 
with the n+1 th row and the photosensitive elements 1 1 'b 
to enable the charge accumulated by the elements 8 of 
the n+1 th row to be transferred to the column capacitors 
C, the photosensitive elements 11c are illuminated one 
by one in sequence by the appropriate ones of the pe- 
ripheral display elements 5" so as to discharge the col- 
umn capacitors C as discussed above with reference to 
Figure 3 to transfer the charge to the feedback capacitor 
of the charge sensitive amplifier. Thus, while the first 
stage of the row read-out operation is being carried out 
in respect of one row (the n+1 th in this example), the 
second stage can be carried out in respect of the pre- 
ceding row (the nth row) so reducing the overall time 
required to read-out all rows of the second array 7 by 
about one half. 

[0070] Although in the examples described above, all 
of the column conductors 10 of the second array 7 are 
coupled to a single charge sensitive amplifier 21 in the 
case of Figure 3 and two In the case of the Figure 11 
arrangement, the number of charge sensitive amplifiers 
21 could be increased so that a given numberis. (where 
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m is the number of columns and y the number of charge 
sensitive amplifiers 21 in the Figure 3 arrangement or 
the number of pairs of charge sensitive amplifiers 21 and 
21* in the Figure 10 arrangement) up to a maximum 
where y=m, so enabling y columns to be read-out simul- 
taneously and thus reducing the total read-out time for 
the second an-ay 7 by a factor y. 
[0071] Although the photosensitive diodes 11a,11b 
and 11c and switching diodes 18 have been shown In 
the Figures as being of similar structure to the photo- 
sensitive and switching diodes 8a and 8b, they may be 
of different geometry, for example of larger area, so as 
to provide the current handling capability required and 
they could if considered desirable be p-i-n as opposed 
to n-l-p diodes, for example. Of course, the modified row 
read-out circuitry 90' or the modified column read-out 
circuitry 100' shown in Figure 11 could be used in the 
example shown in Figure 3. 

[0072] It is of course important that the photosensitive 
elements 1 1 a, 1 1 b, 1 1 c are sufficiently well spaced from 
adjacent similar photosensitive elements 11a, lib, 11c 
that there is no significant cross-talk between the pho- 
tosensitive elements 11 a, 1 1 b, 1 1 c. Depending upon the 
relative pitches of the display array 4 and the second 
array 7 and the separation of the second array 7 from 
the first or display array 4, there may be no problems 
presented by providing the photosensitive elements 
1 1 a,1 1 b,1 1 c at a pitch similarto the row and column con- 
ductors 9 and 10. However, in order to reduce the pos- 
sibilities of any such cross-talk the photosensitive ele- 
ments 11a,11b and 11c may be staggered as shown in 
the schematic plan view in Figure 12 in a direction along 
the length of the associated row or column conductors 
9 or 1 0 so as effectively to increase the spacing between 
adjacent photosensitive elements 1 1 a, 1 1 b, 1 1 c. 
[0073] In the example illustrated in Figure 1 2, the pho- 
tosensitive elements 11a are staggered so that in a di- 
rection along the row conductors 9, the n, n+3, etc. pho- 
tosensitive elements 1 1 a are aligned, that is so that each 
fourth element 11a is aligned. The spacing of the adja- 
cent photosensitive elements 11a will of course depend 
upon the design rules of the device and any constraints 
on the overall size of the device. Any suitable staggered 
pattern may however be adopted. 
[0074] The photosensitive diodes 1 1 b and 1 1 c may be 
similarly staggered with, of course, the photosensitive 
diodes 1 1 b and 1 1 c associated with a respective column 
conductor being themselves spaced apart along the di- 
rection of the column conductor 10. 
[0075] Generally all of the photosensitive elements 
11a,11b,11c will be spaced by a similar distance from 
the associated display element 5' and so may have a 
similar spacing from one another. Nomnally the lateral 
spacing of the display elements 5' should be greater 
than the vertical separation between each display ele- 
ment 5' and the associated photosensitive element 1 1 a, 
11b,11c. 

[0076] In the examples described above, each row 



and each column conductor 9 and 10 is coupled via a 
single photosensitive element 11a, 11b, 11c to the as- 
sociated voltage supply orconnection line 17,20 and 22. 
However this need not necessarily be the case and, for 
5 example, an arrangement similar to that described In 
EP-A-488455 could be used In which, for example, each 
row conductor 9 is associated with one or more photo- 
sensitive elements 11a each aligned with a respective 
different column of periperal display elements 5' so that 
10 the row conductor 9 Is only connected to the voltage 
supply line 1 7 when all of the associated photosensitive 
diodes 11a are rendered conducting. An example of 
such a pattern of photosensitive elements 11a is illus- 
trated schematically in the diagram in Figure 1 3. In Fig- 
's ures 12 and 13 the dashed lines numbered 14a to 14e 
represent columns of peripheral display elements 5' of 
the display 5. 

[0077] In such an arrangement cross-talk between 
photosensitive diodes 1 1 a associated with adjacent row 

20 conductors 9 does not present significant problems be- 
cause, of course, each row conductor 9 will only be cou- 
pled to the voltage supply line Vg^, if all of the associated 
photosensitive elements 11a are rendered conducting. 
[0078] A similar structure could be used for the pho- 

25 tosensitive diodes lib, 11c associated with the column 
conductors 1 0 where appropriate, for example where It 
is required to switch individual photosensitive diodes. 
[0079] EP-A-488455 describes the use of transistor, 
generally TFT buffers, to provide higher currents for 

30 charging the row capacitance and a similar idea could 
be used in the present device to Increase the row select 
current. 

[0080] Where, as discussed above, it is desirable for 
the second array 7 to be sufficiently transparent to en- 
35 able the display 3 to be viewed through the second array 
7 then the image sensor transparency could be in- 
creased in a manner similar to that described, in our co- 
pending UK Patent Application No. 9209734.4 filed on 
6th May 1992 which describes structures in which the 
40 number of row and column conductors in the second ar- 
ray 7 can be decreased by associating a number of pho- 
tosensitive elements 8a with the same pair of row and 
column conductors 9 and 10 and providing some form 
of threshold adjustment means so that different voltage 
45 levels are required to assess different ones of the pho- 
tosensitive elements 8a associated with the same pair 
of row and column conductors 9 and 10. 
[0081] The second array 7 could be any suitable type 
of array for example an array of electro-optical ly adjust- 
so able memory elements or photosensitive elements as 
discussed above or touch sensitive elements. In addi- 
tion the second array 7 could be another display con- 
trollable by the display 3 to allow superposition of imag- 
es. Although this may present parallax problems it could 
55 be of advantage where an image is derived from a con- 
ventional analogue TV or video signal. Also, although in 
the examples described above the display array 4 and 
the second array 7 are both two dimensional active ma- 
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trix arrays, this need not necessarily be the case and 
one or other of the arrays 4 and 7 may be one dimen- 
sional and/or a passive array. 



Claims 

1 . An electro-optic device comprising a first substrate 
(2) canying an electro-optic display (3) having a first 
array (4) of display elements (5) and conductors 
(12, 13) for addressing display elements to enable 
the display to display an image, a second substrate 
(6) canying a second array (7) of elements (8) ad- 
dressable by conductors (9, 1 0) and photosensitive 
elements (11) associated with the conductors (9, 
10) for supplying, when illuminated, signals along 
the conductors for accessing the elements (8) of the 
second array (7), the second substrate being pro- 
vided opposite the first substrate (2) so that the pho- 
tosensitive elements (11) are associated with se- 
lected ones (5') of the display elements (5) for ena- 
bling the selected display elements to illuminate the 
photosensitive elements allowing access of the el- 
ements of the second an-ay to be controlled by the 
display. 



(7) is coupled to a reset voltage supply line (1 9) via 
a respective switching element (18) for enabling a 
reset voltage pulse to be applied to the row conduc- 
tor to reset the associated elements. 

5 

5. An electro-optic device according to Claim 3 or 4, 
wherein each column conductor (10) of the second 
array (7) is connected by at least one first photo- 
sensitive element (1 1 ) to one electrode of a respec- 

10 tive column capacitor (C) having its other electrode 
coupled to a charge sensitive amplifier (21) and to 
at least one second photosensitive element (11) 
which is coupled to a voltage reference line (22) so 
that, in order to read charge from an element within 

IS a given column of the second array, first the asso- 
ciated at least one first photosensitive element is 
illuminated by the display for allowing the charge 
stored at an element in both the column and a row 
to which the select voltage Is applied to be trans- 

20 ferred via the column conductor and the at least one 
first photosensitive element to the capacitor and 
then the at least one second photosensitive ele- 
ment is illuminated to allow the charge stored at the 
column capacitor to be transferred to the charge 

25 sensitive amplifier. 



2. An electro-optic device according to Claim 1, 
wherein the electro-optic display (3) comprises a 
two-dimensional matrix array of display elements 

(5) arranged in row and columns with associated 30 
row and column conductors (12,13) and the second 
array (7) is a two-dimensional array of elements (8) 
arranged in rows and columns with row and column 
conductors (9, 10) being associated with the ele- 
ments of the second array so that supplying signals 35 
to a selected row conductor and a selected column 
conductor of the second array accesses an element 
of the second array and wherein the row and col- 
umn conductors of the second array are associated 
with photosensitive elements (11) for supplying, 40 
when Illuminated by selected ones of the display el- 
ements, signals along the row and column conduc- 
tors for accessing the elements of the second array. 

3. An electro-optic device according to Claim 2, 45 
wherein each element (8) of the second array (7) is 
arranged to store charge and each row conductor 

(9) of the second array is coupled to a select voltage 
supply line (17) via at least one respective photo- 
sensitive element (11) so that in operation of the so 
electro-optic device in order to read charge stored 
at the element within a row the at least one photo- 
sensitive element associated with the row is illumi- 
nated by the display to couple the select voltage to 
the row conductor. ss 

4. An electro-optic device according to Claim 3, 
wherein each row conductor (9) of the second array 



6. An electro-optic device according to Claim 3 or 4, 
wherein each column conductor (10) is coupled to 
one electrode of each of first and second column 
capacitors (C, C) by respective first photosensitive 
elements (lib, 11b') with each capacitor having its 
other electrode coupled to a respective charge sen- 
sitive amplifier (21 , 21 ') and to a respective second 
photosensitive element (1 1 c, 1 1 c') coupled to a volt- 
age reference line (22) so that, in order to read 
charge from an element within a given column of 
the second array, first one of the associated first 
photosensitive elements is illuminated by the dis- 
play for allowing the charge stored at an element in 
both the column and a row to which the select volt- 
age is applied to be transfen^ed via the column con- 
ductor and the said one first photosensitive element 
to the associated one of the first and second capac- 
itors and then the one of the second photosensitive 
elements is illuminated to allow the charge stored 
at the column capacitor to be transferred to the 
charge sensitive amplifier. 

7. An electro-optic device according to any of the pre- 
ceding claims, wherein the photosensitive elements 
(1 1 ) are arranged at the periphery of the second ar- 
ray (7). 

8. An electro-optic device according to any one of the 
preceding claims, wherein each conductor (9, 10) 
of the second anray is associated with at least one 
respective photosensitive element (11). 
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9. An electro-optic device according to any one of the 
preceding claims, wherein each conductor (9, 10) 
of the second array (7) is associated with a nunnber 
of photosensitive elements (11) arranged such that 
signals are only supplied along the conductor when 
all of the associated photosensitive elements are il- 
luminated. 

10. An electro-optic device according to any one of the 
preceding claims, wherein the photosensitive ele- 
ments (1 1 ) associated with adjacent conductors are 
staggered so that the spacing between the photo- 
sensitive elements associated with adjacent con- 
ductors Is greater than the spacing between the ad- 
jacent conductors. 

11 . An electro-optic device according to any one of the 
preceding claims, wherein the first and second ar- 
rays (4, 7) are of comparable size and the display 
elements (5) for Illuminating the photosensitive el- 
ements are provided at the periphery of the first ar- 
ray. 

12. An electro-optic device according to any one of the 
preceding claims, wherein the display comprises a 
liquid crystal display. 

13. An electro-optic device according to any one of the 
preceding claims, wherein the second array (7) 
comprises an array of further photosensitive ele- 
ments (8a). 



(7), wobei das zweite Substrat gegenuber dem er- 
sten Substrat (2) derart vorgesehen ist, dass die 
photoempfindllchen Eiemente (11) selektierten 
Wiedergabeelementen (5*) der Wledergabe- 

5 eiemente (5) zugeordnet sind, damit es ennoglicht 
wird, dass die selektierten Wiedergabeelemente 
die photoempfindllchen Eiemente beieuchten, wo- 
durch Zugrlff auf die Eiemente der durch die Wie- 
dergabeanordnung zu steuemden zwelten Anord- 

10 nung ennoglicht wIrd. 

2. Eiektrooptische Anordnung nach Anspruch 1 , wo- 
bei die elelctrooptische WIedergabeanordnung (3) 
eine zweidtmenstonale Matrixanordnung von Wle- 

is dergabeelementen (5) aufweist, die in Relhen und 
Spaiten mit zugeordneten Reihen- und Spaltenlei- 
tern (12, 13) vorgesehen sind und die zweite An- 
ordnung (7) eine zweldlmenslonale Anordnung von 
Elementen (8) sein kann, die In Relhen und Spaiten 

20 mIt Relhen- und Spaiten leitern (9, 10) angeordnet 
sind, wobei diese Leiter den Elementen der zwei- 
ten-Anordnung zugeordnet sind, so dass das Zu- 
fiihren von SIgnalen zu einem selektierten Reihen- 
leiter und eInem selektierten Spalte n leiter der zwei- 

25 ten Anordnung auf ein Element der zweiten Anord- 
nung zugreift und die Reihen- und Spaltenleiterder 
zweiten Anordnung photoempfindllchen Elementen 
(11) zugeordnet sind um, wenn durch selektierte 
Wiedergabeelemente beleuchtet, uber die Reihen- 

30 und Spaltenleiter Signale zu liefern zum Zugreifen 
auf die Eiemente der zweiten Anordnung. 



14. An electro-optic device according to any one of the 
preceding claims, wherein the second substrate (6) 
carrying the second array (7) is mounted to the first 
substrate (2) carrying the first array (4). 

15. An electro-optic device according to any one of the 

preceding claims, wherein the second substrate (6) 
carrying the second array is separable from the first 
substrate carrying the first array. 



PatentansprUche 

1. Eiektrooptische Anordnung mit einem ersten Sub- 
strat (2) mIt einer elektrooptischen WIedergabean- 
ordnung (3) mit einer ersten Anordnung (4) von 
Wiedergabeelementen (5) und Leitern (12, 13) zum 
Adressieren von Wiedergabeelementen um die 
WIedergabeanordnung In den Stand zu bringen, ein 
Bild wiederzugeben, mit einem zweiten Substrat (6) 
mit einer zweiten Anordnung (7) von Elementen (8), 
die durch Leiter (9, 1 0) und photoempfindliche Eie- 
mente (11 ), die den Leitern (9, 10) zugeordnet sind, 
adressierbar sind, um, wenn sie beleuchtet werden, 
Signale zu liefern, und zwar uber die Leiter zum Zu- 
greifen auf die Eiemente (8) der zweiten Anordnung 



3. Eiektrooptische Anordnung nach Anspruch 2. wo- 
bei jedes Element (8) der zweiten Anordnung (7) 

35 dazu vorgesehen ist, Ladung zu speichern und je- 
der Reihenlelter (9) der zweiten Anordnung uber 
wenigstens ein betreffendes photoempfindliches 
Element (11) mit einer Selektionsspannungsspei- 
seleitung (17) gekoppelt ist, so dass Im Betrieb der 

^0 elektrooptischen Anordnung zum Auslesen in dem 
Element innerhalb einer Reihe gespelcherter La- 
dung das wenigstens eine photoempfindliche Ele- 
ment, das der ReIhe zugeordnet ist, durch die WIe- 
dergabeanordnung beleuchtet wird zum Koppein 

^5 der Selektionsspannung mit dem Reihenleiter. 

4. Eiektrooptische Anordnung nach Anspruch 3, wo- 
bei jeder Reihenleiter (9) der zweiten Anordnung (7) 
iiber ein betreffendes Schaltelement (18) mit einer 

50 Ruckstellspeisespannungsleitung (19) gekoppelt 
ist, damIt es ermdglicht wIrd, dass dem Reihenleiter 
zum RQckstellen der zugeordneten Eiemente ein 
Ruckstellspannungsimpuls zugefiihrt wird. 

55 5. Eiektrooptische Anordnung nach Anspruch 3 oder 
4, wobei jeder Spaltenleiter (1 0) der zwerten Anord- 
nung (7) durch wenigstens ein erstes photoemp- 
findliches Element (11) mit einer Elektrode eines 
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betreffenden Spaltenkondensators (C) gekoppelt 
ist, dessen andere Eleklrode mit einem ladungs- 
empflndlichen Verstarker (21) und mit wenigstens 
einem zweiten photoempfindiichen Element (11) 
gekoppelt ist, das mit einer Spannungsbezugslei- 5 
tung (22) derart gekoppelt Ist, dass zum Auslesen 
von Ladung aus einem Element Innerhalb einer be- 
stimmten Spalte der zweiten Anordnung, zunachst 
das zugeordnete, wenigstens eine erste photoemp- 
findliche Element durch die Wiedergabeanordnung io 
beleuchtet wird, damit die Ladung, die bei einem 
Element in der Spalte sowie in einer Reihe gespei- 
chert ist. der die Selektionsspannung zugefuhrt 
wird, die uber den Spaltenleiter und das wenigstens 
eine erste photoempflndliche Element zu dem Kon- is 
densator ubertragen werden soil, ausgelesen wird, 
und dass danach das wenigstens eine zweite pho- 
toempflndliche Element beleuchtet wird, damit die 
Ladung, die in dem Spattenkondensator gespei- 
chert ist, zu dem ladungsempfindllchen Verstarker so 
Qbertragen wird. 

6. Elektrooptlsche Anordnung nach Anspruch 3 Oder 
4, wobei jeder Spaltenleiter (10) durch betreffende 
erste photoempflndliche Elemente (11b, lib") mit 25 
einer Elektrode des ersten sowie des zweiten Spal- 
tenkondensators (C, C) gekoppelt ist, wobei von je- 
dem Kondensator die andere Elektrode mit einem 
betreffenden ladungsempfindtrchen Verstarker (21 , 
21') sowie mit einem betreffenden zweiten photo- 30 
empfindlichen Element (11c, 11c') gekoppelt ist, 
das derart mit einer Spannungsbezugsleitung (22) 
gekoppelt ist, dass zum Auslesen von Ladung aus 
einem Element Innerhalb einer bestimmten Spalte 
der zweiten Anordnung, zunachst eines der zuge- 35 
ordneten ersten photoempfindiichen Elemente 
durch die Wiedergabeanordnung beleuchtet wird, 
damit die Ladung, die bei einem Element in der 
Spalte sowie in einer Reihe gespeichert ist, der die 
Selektionsspannung zugefuhrt wird um uber den 40 
Spaltenleiter und das genannte erste photoemp- 
flndliche Element zu dem betreffenden ersten und 
zweiten Kondensator und danach zu dem einen der 
zweiten photoempfindiichen Elemente ubertragen 

zu werden, beleuchtet wird, damit die Ladung, die 45 
im Spaltenkondensator gespeichert ist, zu dem la- 
dungsempfindllchen Verstarker ubertragen wird. 

7. Elektrooptische Anordnung nach einem der vorste- 
henden Anspriiche, wobei die photoempfindiichen so 
Elemente (11) an dem Umfang der zweiten Anord- 
nung (7) vorgesehen sind. 

8. Elektrooptische Anordnung nach einem der vorste- 
henden Ansprtiche, wobei jeder Leiter (9, 10) der ss 
zweiten Anordnung wenigstens einem betreffenden 
photoempfindiichen Element (11) zugeordnet Ist. 



9. Elektrooptische Anordnung nach einem der vorste- 
henden AnsprOche, wobei jeder Leiter (9, 10) der 
zweiten Anordnung (7) einer Anzahl photoempfind- 
licher Elemente (11) zugeordnet ist, die derart vor- 
gesehen sind, dass Signale nur dann uber den Lei- 
ter zugefuhrt werden, wenn alle zugeordneten pho- 
toempfindiichen Elemente beleuchtet werden. 

1 0. Elektrooptische Anordnung nach einem der vorste- 
henden AnsprQche wobei die photoempfindiichen 
Elemente (11), die benachbarten Leitern zugeord- 
net sind, versetzt sind, so dass der Raum zwischen 
den photoempfindlfchen Elementen, die den be- 
nachbarten Leitern zugeordnet sind, groBer ist als 
der Raum zwischen den benachbarten Leitem. 

1 1 . Elektrooptische Anordnung nach einem der vorste- 
henden Anspriiche, wobei die erste und die zweite 
Anordnung (4, 7) von einer vergleichbaren GroBe 
sind und die Wiedergabeelemente (5) zum Be- 
leuchten der photoempfindiichen Elemente am Um- 
fang der ersten Anordnung vorgesehen sind. 

12. Elektrooptische Anordnung nach einem dervorste- 
henden Anspruche, wobei die Wiedergabeanord- 
nung eine Flussigkristall-Wiedergabeanordnung 
aufweist. 

13. Elektrooptische Anordnung nach einem der vorste- 
henden Ansprtiche, wobei diezweite Anordnung (7) 
eine Anordnung weiterer photoempfindlicher Ele- 
mente (8a) aufweist. 

14. Elektrooptische Anordnung nach einem dervorste- 
henden Anspriiche, wobei das zweite Substrat (6), 
das die zweite Anordnung (7) tragt, auf den ersten 
Substrat (2) angeordnet ist, das die erste Anord- 
nung (4) trSgt. 

15. Elektrooptische Anordnung nach einem der vorste- 
henden Anspruche, wobei das zweite Substrat (6), 
das die zweite Anordnung tragt, von dem ersten, 
die erste Anordnung tragenden Substrat entfembar 
Ist. 



Revendications 

1. Dispositif electro-optique comprenant un premier 
substrat (2) portant un affichage Electro-optique (3) 
ayant un premier r6seau (4) d'6l6ments d'affichage 
(5) et de conducteurs (12, 13) pour adresser des 
6l6ments d'affichage afin de permettre k I'affichage 
d'afficher une image, un deuxidme substrat (6) por- 
tant un deuxi&me r^seau (7) d'^IEments (8) adres- 
sables par des conducteurs (9, 1 0) et des Elements 
photosensibles (11) associ6s aux conducteurs (9, 
10) pour d6livrer, lorsqu'ils sont 6clair6s, des si- 
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gnaux le long des conducteurs afin d'aocdder aux 
6l§ments (8) du deuxl&me r^seau (7), le deuxi&me 
substrat 6tant appliqu6 en regard du premier subs- 
trat (2) de telle sorte que les 6l6ments photosensi- 
bles (1 1) Solent associ^s k des elements choisis (5*) 
des 6l6ments d'affichage (5) afin de permettre aux 
elements d'affichage selectlonn^s d'§clairer les 616- 
ments photosensibles, permettant ainsi de com- 
mander racc6s aux Elements du deuxi^me reseau 
par j'afflchage. 

2. Dispositif 6lectro-optique selon la revendication 1 , 
dans lequel raffichage 6lectro-optique (3) com- 
prend un reseau matriclel bidimensionnel d'6l6- 
ments d'affichage (5) agences en rangees et en co- 
lonnes avec des conducteurs de rangees et de co- 
lonnes associes (12, 13) et le deuxieme reseau (7) 
est un r6seau bidimensionnel d'6lements (8) agen- 
ces en rangees et en colonnes, les conducteurs de 
rang6es et de colonnes (9, 10) 6tant associes aux 
6l6ments du deuxieme r6seau de telle sorte que 
Tacheminement designaux^ un conducteurde ran- 
g6e choisi et ^ un conducteur de colonne cholsl du 
deuxidme reseau permette d'acc6der k un 6l§ment 
du deuxieme r6seau et les conducteurs de rangees 
et de colonnes du deuxieme r6seau etant associes 
k des 6l6ments photosensibles (11) pour achemi- 
ner, lorsqu'ils sont 6cialr6s par certains, choisis, des 
6l6ments d'affichage, des signaux le long des con- 
ducteurs de rangies et de colonnes afin d'acc6der 
aux 6l6ments du deuxieme r6seau. 

3. Dispositif 6lectro-optique selon la revendication 2, 
dans lequel chaque 6l6ment (8) du deuxieme re- 
seau (7) est agenc6 pour stocker u ne charge et cha- 
que conducteur de rang6e (9) du deuxieme r6seau 
est couple k une ligne d'alimentation en tension de 
selection (1 7) via au molns un 6l6ment photosensi- 
ble respectif (11 ) de telle sorte que, lors du fonction- 
nement du dispositif 6lectro-optique pour lire la 
charge stockee dans I'eiement au sein d'une ran- 
g6e, le au moins un 6l6ment photosensible associ6 
k la rang6e solt 6clair6 par I'afflchage pour coupler 
la tension de selection au conducteur de rang6e. 

4. Dispositif 6lectro-optique selon la revendication 3, 
dans lequel chaque conducteur de rangee (9) du 
deuxieme r6seau (7) est coupl6 k une ligne d'ali- 
mentation de tension de remise k z6ro (19) via un 
§l6ment de commutation respectif (18) pour per- 
mettre d'appliquer une Impulsion de tension de re- 
mise k z6ro au conducteur de rang6e afin de remet- 
tre k z6to les 6l6ments assocl6s. 

5. Dispositif 6iectro-optique selon la revendication 3 
ou 4, dans lequel chaque conducteur de colonne 
(10) du deuxidme r6seau (7) est connects par au 
molns un premier 6l6ment photosensible (11) ^ une 



electrode d'un condensateur de colonne respectif 
(C) dont {'autre Electrode est coupl§e k un amplifl- 
cateur sensible k la charge (21) et k au moins un 
deuxieme 616ment photosensible (11) qui est cou- 

5 p\§ k une ligne de r6f6rence de tension (22) de telle 
sorte que, pour lire la charge dans un 6l6ment qui 
se trouve dans une colonne donn6e du deuxieme 
r§seau, tout d'abord, le au moins un premier 616- 
ment photosensible associe solt 6claire par Taffl- 

10 chage pour pemnettre k la charge 8tock6e dans un 
6l6ment dans k la fois la colonne et une rangee k 
laquelle la tension de selection est appliquee d'etre 
transf6r6e via le conducteur de colonne et le au 
moins un premier diement photosensible au con- 

is densateur et qu'ensuite, le au moins un deuxieme 
6lement photosensible soit 6claire pour permettre 
de transf6rer la charge stockee dans le condensa- 
teur de colonne k rampliflcateur sensible k la char- 
ge. 

20 

6. Dispositif 6lectro-optique selon la revendication 3 
ou 4, dans lequel chaque conducteur de colonne 
(1 0) est coupl6 k une Electrode de chacun des pre- 
mier et second condensateurs de colonnes (C, C) 

25 par des premiers 6l6ments photosensibles respec- 
tifs (lib, lib'), chaque condensateur ayant son 
autre 6lectrode coupl6e k un amplificateur sensible 
k la charge respectif (21 , 21 ') et k un deuxi6me 616- 
ment photosensible respectif (11c, 11c') couple a 

30 une ligne de r6ference de tension (22) de telle sorte 
que, pour lire la charge dans un el6ment k I'int6rieur 
d'une colonne donn6e du deuxl6me r6seau, tout 
d'abord I'un des premiers 6l6ments photosensibles 
associes soit 6claire par I'affichage pour permettre 

35 ^ la charge stock6e dans un 6l6ment k la fois dans 
la colonne et une rang6e k laquelle la tension de 
selection est appliqu6e, d'etre transferee via le con- 
ducteur de colonne et ledit un premier 6l6ment pho- 
tosensible au condensateur associ6 du premier et 

40 du second condensateurs et qu'ensuite, le premier 
des deuxi6mes 6l6ments photosensibles soit 6clal- 
r6 pour pemiettre de transf6rer la charge stock6e 
dans le condensateur de colonne k i'amplificateur 
sensible k la charge. 

45 

7. Dispositif 6lectro-optique selon I'une quelconque 
des revendications pr6cedentes, dans lequel les 
6l6ments photosensibles (11) sont am6nages sur 
la p6riph6rle du deuxl6me r6seau (7). 

50 

8. Dispositif 6lectro-optlque selon I'une quelconque 

des revendications pr6c6dentes, dans lequel cha- 
que conducteur (9, 1 0) du deuxi6me r6seau est as- 
soci6 k au moins un 6l6ment photosensible respec- 
ts tif(11). 

9. Dispositif 61ectro-optique selon I'une quelconque 
des revendications pr6c6dentes, dans lequel cha- 



13 



25 



EP 0 633 542 B1 



que conducteur (9, 1 0) du deuxi^me r^seau (7) est 
associ6 k un certain nombre d'6l6ments photosen- 
sibles (1 1 ) am^nages de telle sorte que les signaux 
ne soient appliques le long du conducteur que lors- 
que tous les ^l^ments photosenslbies assocl^s s 
sont 6clair6s. 

10. DIspositif ^lectro-optlque selon Tune quelconque 
des revendlcations pr6c6dentes, dans lequel les 
6l6ments photosenslbies (1 1 ) associds k des con- io 
ducteurs adjacents sont ^chelonn^s de telle manle- 

re que I'espacement entre les 6l6ments photosen- 
slbies associ6s h des conducteurs adjacents soit 
sup6rleur^ I'espacement entre les conducteurs ad- 
jacents. 15 

11. DIspositif 6lectro-optique selon Tune quelconque 
des revendlcations pr6c6dentes, dans lequel les 
premier et deuxi&me r^seaux (4. 7) sont de taille 
comparable et les 6l6ments d'aff ichage (5) destines 20 
k 6clairer les 6l6ments photosenslbies sont am6na- 
g§s sur la p§riph6rie du premier r6seau. 

12. DIspositif ^lectro-optique selon I'une quelconque 
des revendlcations prte^dentes, dans lequel I'affi- 25 
chage comprend un affichage k cristaux llquides. 

13. DIspositif ^lectro-optique selon I'une quelconque 
des revendlcations prdc^dentes, dans lequel le 
deuxi^me r^seau (7) comprend un r^seau d'autres so 
6l6ments photosenslbies (8a). 

14. DIspositif diectro-optique selon t'une quelconque 
des revendlcations pr6c6dentes, dans lequel le 
deuxi^me substrat (6) portant le deuxieme r^seau 35 
(7) est mont6 sur le premier substrat (2) portant le 
premier reseau (4). 

15. DIspositif 6lectro-optlque selon I'une quelconque 
des revendlcations pr^c^dentes, dans lequel le 40 
deuxl5me substrat (6) portant le deuxieme r6seau 

est separable du premier substrat portant le premier 
reseau. 
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